Introduction
Primary effusion lymphoma (PEL) is an aggressive human herpesvirus 8 (HHV8)-driven non-Hodgkin lymphoma that arises in serous body cavities with a peculiar proliferative pattern characterized by liquid-phase growth. 1 PEL occurs in immunocompromised persons and more frequently in AIDS patients. All PEL patients feature poor survival; they rarely respond to conventional chemotherapy and have short life expectancy after diagnosis. 2 PEL cells are usually monoclonal and of B-cell origin, as shown by immunoglobulin gene rearrangements; they express a "null" lymphocyte phenotype, as B-cell and T-cell markers are generally absent, while expressing several activation moieties and the characteristic CD138/ syndecan-1. These features suggest that these cells probably represent a preterminal stage of B-cell differentiation close to that of plasma cells. 2 HHV8 was also recently detected in lymphoma cases presenting as tissue masses in human immunodeficiency virus type 1-infected patients, 2 as well as in polyclonal effusions in patients with multicentric Castleman disease and/or Kaposi sarcoma, 3 thus indicating that the spectrum of HHV8-associated lymphoproliferative disorders may be wider than initially defined.
A status of chronic inflammation, common in many steps of tumorigenesis, appears to be involved in PEL initiation, with consequent increased levels of proinflammatory cytokines that may be responsible for activation of mesothelia, which in turn secrete chemokines and express adhesion molecules and inflammatory enzymes. 4 This environment may support homing of HHV8-infected lymphocytes and their growth in liquid-phase within serous cavities. The interplay between proangiogenic molecules and autocrine and paracrine growth factors of cellular and viral origin might be then required to promote cell proliferation and the transition from a polyclonal to a monoclonal cell population. In this scenario, whereas the association between HHV8 and PEL development is widely accepted, mechanisms involved in the tropism of HHV8-infected lymphocytes to body cavities and in PEL progression, as well as the role of the host microenvironment, remain to be fully clarified.
Interferons (IFNs) are multifunctional regulatory cytokines that exert pleiotropic biologic activities, including antiproliferative, antiviral, immunomodulatory, and angiostatic effects. 5, 6 IFN-␣ up-regulates tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), causing apoptosis in PEL-derived cell lines, and this phenomenon is markedly increased by the concomitant presence of azidothymidine, which sensitizes PEL cells to TRAILmediated apoptosis. 7, 8 This combination therapy was used with success in one patient 8 and was found to increase mean survival time in a PEL preclinical model. 9 Furthermore, the combined use of IFN-␣ and arsenic trioxide was found to induce caspase-dependent apoptosis in PEL cell lines. 10 The intracavitary localization of PEL renders this tumor suitable for local treatment, such as gene therapy, which allows for the prolonged expression of a specific agent at high local concentration with minimal systemic side effects. This approach was used to examine the specific contribution of the host microenvironment in severe combined immunodeficiency (SCID) mice intraperitoneally injected with PEL-derived cells. This xenograft model was used to analyze the therapeutic activity of a lentiviral vector (LV) expressing the human IFN-␣ 2 b (hIFN-␣ 2 b-LV) and to specifically target the peritoneal host microenvironment using a murine (ie, hostspecific) IFN-␣ 1 -expressing LV (mIFN-␣ 1 -LV).
Methods

Cell lines
The Epstein-Barr virus Ϫ /HHV8 ϩ CRO-AP/3 PEL-derived cell line (kindly provided by A. Carbone, Department of Pathology, Istituto Nazionale Tumori, Milan, Italy), 11 used to set up the preclinical model of PEL and for the in vitro transduction experiments, was grown in RPMI 1640 (SigmaAldrich, Munich, Germany) supplemented with 10% fetal calf serum (Life Technologies, Foster City, CA) and 2 mM L-glutamine (complete medium). The human embryonal kidney epithelial HEK 293A and 293T cell lines were used for titration experiments and as packaging cell line, respectively. 293T cells were also used to generate the native murine and human IFN-␣. The murine MBL-2 leukemia cell line was used in in vitro experiments as control. These cell lines were grown in Dulbecco modified Eagle medium (Sigma-Aldrich) supplemented with 10% fetal calf serum and 2 mM L-glutamine. All cell lines were mycoplasma-free as resulting from periodical polymerase chain reaction (PCR) check.
Mice
Six-week-old female SCID/CB17 mice were purchased from Charles River Breeding Laboratories (Portage, MI), housed under specific pathogen-free conditions in the BL3 containment laboratory in our animal facility, and allowed to acclimate to local conditions for 1 week. Procedures involving animals and their care were in conformity with institutional guidelines that comply with national and international laws and policies ( 
Isolation of peritoneal mesothelial cells
Mesothelial cells were isolated as reported previously. 12 Briefly, the parietal peritoneum was excised under sterile conditions from normal 7-week-old SCID mice and from PEL-injected treated and untreated animals when they were culled. Fragments were washed with RPMI and incubated in 4 mL of 0.25% trypsin (Invitrogen) for 30 minutes. The cell suspension was then passed through nylon mesh and centrifuged for 5 minutes at 200g. Cells were washed twice, suspended in complete medium, and placed in flasks or 6-well culture plates. A monolayer of polygonal mesothelial cells was usually visible after 4 to 5 days of culture.
Primary mesothelial cells were exposed to 250 and 500 IU/mL "native" (ie, expressed from the transgene) mIFN-␣ 1 , in parallel with equivalent amounts of mock supernatants (from enhanced green fluorescence protein [EGFP]-LV-transduced cells) to assess the possible interference of cellular factors. CRO-AP/3 cells were exposed in parallel to the same amounts of native mIFN-␣ 1 . Cells were washed twice with RPMI medium 48 hours later, and RNA was extracted as previously reported 13 to analyze the expression of IFN-stimulated genes.
To assess apoptosis induction in CRO-AP/3 cells, mesothelial cells were treated with 250 and 500 IU/mL native mIFN-␣ 1 or with equivalent amounts of mock supernatants for 24 hours, then washed and cocultured with CRO-AP/3 cells. To evaluate TRAIL involvement in apoptosis induction, cocultures were performed by adding an anti-mouse TRAIL monoclonal antibody (mAb) or an isotype control (6 g/mL, clone N2B2, low-endotoxin azide-free [LEAF]-purified anti-mouse TRAIL, or LEAF-purified isotype control; BioLegend, San Diego, CA). CRO-AP/3 cells were exposed in parallel to the same amounts of native murine cytokine or mock supernatants. Apoptosis was analyzed 12, 24, and 48 hours after coculture with mock-or mIFN-␣ 1 -treated mesothelial cells or after exposure to mIFN-␣ 1 .
LVs and in vitro transduction experiments
The self-inactivating, HIV-1-derived LVs expressing EGFP, human IFN-␣ 2 b, and murine IFN-␣ 1 (denominated EGFP-LV, hIFN-␣ 2 b-LV, and mIFN-␣ 1 -LV, respectively) were generated, concentrated, and quantified for infectious particles and p24 vector equivalents as described previously. 14 
Assessment of engraftment and tumorigenesis of CRO-AP/3 cells in SCID mice
To characterize the ability of CRO-AP/3 cells to engraft, SCID mice were intraperitoneally injected with 2-fold increasing doses (from 6.25 ϫ 10 6 to 50 ϫ 10 6 ) of logarithmically growing CRO-AP/3 cells (3 mice/dose) and were examined periodically for the presence of ascites and/or solid tumors. In this pilot experiment, all mice injected with the highest dose developed consistent ascites in 9 to 12 days, and this dose (50 ϫ 10 6 cells) was subsequently used in gene therapy experiments. At this dose, CRO-AP/3 cells efficiently engrafted in the peritoneal cavity of SCID mice after intraperitoneally inoculation, with the onset of liquid-phase tumor in usually 6 to 10 days from PEL cell inoculum, and the development of a consistent ascites generally within the same interval of days. The gross morphology of PEL/SCID mice was concomitant with a significant increase in body weight (20.58 Ϯ 1.02 g vs 26.06 Ϯ 1.6 g, P Ͻ .001) and abdominal distension. For ethical reasons, tumor-bearing animals were killed when presenting signs of suffering, and each mouse was considered as dead from tumor progression on this date.
In vivo gene therapy experiments
CRO-AP/3 cells were washed twice with RPMI medium, suspended at a final density of 10 8 cells/mL, and 0.5 mL of this cell suspension was injected intraperitoneally into each mouse. Fifteen or 16 mice were used in each in vivo experiment. Animals were divided into 3 groups: 2 control groups (receiving medium alone or EGFP-LV) and 1 receiving the "therapeutic" (hIFN-␣ 2 b-LV or mIFN-␣ 1 -LV) treatment. At 2, 4, and 7 days after intraperitoneal inoculation of PEL cells, each mouse received a total of 1 g p24 vector equivalents in 0.9 mL RPMI medium (0.333 g/300 L per injection), which corresponded to 10 8 transducing units and to a theoretical MOI of 2. Control animals received an equivalent volume of medium or equivalent amounts of EGFP-LV. Sixteen mice were used to assess the antineoplastic activity of hIFN-␣ 2 b-LV, and this experiment was repeated twice. In this set of experiments, 4 animals received medium alone, 6 mice received control EGFP-LV, and 6 mice hIFN-␣ 2 b-LV. To examine the activity of mIFN-␣ 1 -LV, 15 mice were used (5 animals per group), and this experiment was repeated twice. Mice were monitored daily for increase in body mass, abdominal distension, and subcutaneous tumors, and survival studies were performed. At necroscopy, ascites were collected, measured as fluid volumes, and centrifuged for 10 minutes at 200g. Supernatants were centrifuged for 30 minutes at 2800g to eliminate cell debris, aliquoted, and stored at Ϫ80°C. Cell pellets were washed twice, used for flow cytometry analyses, and/or to set up ex vivo cultures. Peritoneal washings of ascites-negative animals were performed using 5 mL RPMI medium and processed as malignant effusions. Masses were minced, passed through nylon mesh, and the obtained cell suspension was used to measure ex vivo IFN-␣ production and/or perform flow cytometry analyses. When sufficient cells were available, 10 6 cells recovered from ascites, peritoneal washings, or masses were placed in 1 mL complete medium in a T12 plate and IFN-␣ measurement was done on supernatants collected after 72 hours.
Details about other techniques and reagents are reported in Document S1 (available on the Blood website; see the Supplemental Materials link at the top of the online article).
Results
Antiproliferative and proapoptotic effects of hIFN-␣ 2 b
The aim of this study was to compare the efficacy of human and murine IFN-␣ in a preclinical model of PEL to dissect the specific contribution of tumor cells from that of the host microenvironment. Figure 1C ; and data not shown). Therefore, the human cytokine expressed from the transgene exerted a dose-dependent antiproliferative effect as well as a proapoptotic activity in CRO-AP/3 cells.
In vitro biologic activity and species specificity of recombinant and native mIFN-␣ 1 We next examined the effects of mIFN-␣ 1 on the proliferation of CRO-AP/3 cells. Figure 6D ). We next tested whether the murine cytokine expressed from the transgene (native mIFN-␣ 1 ) retained proper functional activity in vitro. Murine MBL-2 cells were exposed to 100 and 1000 IU/mL of the native cytokine; this treatment efficiently inhibited [ 3 H]-thymidine uptake ( Figure 2D ). RT-PCR analyses of murine interferon regulatory factor 7 (IRF-7) expression showed an IRF-7-specific transcript amplified from mIFN-␣ 1 -treated MBL-2 cells but not from mock-treated cells ( Figure 2E ). These data indicate that the murine cytokine expressed from the transgene exerted in vitro species-restricted antiproliferative effects and activated a classic IFN-stimulated pathway.
In vivo hIFN-␣ 2 b-LV treatment
Preliminary analyses indicated that EGFP-and IFN-␣-expressing LVs efficiently delivered the transgene to CRO-AP/3 cells in vitro and conferred long-term transgene expression ( Figure S1 ). We then evaluated the antineoplastic activity of hIFN-␣ 2 b-LV in a PEL xenograft model. Plots showing the survival curves obtained in 2 independent experiments are displayed in Figure 3A . All (8 of 8) untreated, medium-injected mice developed ascites and were killed by day 22 (median survival, 13 days). The majority of EGFP-LVtreated mice (11 of 12) developed ascites and were culled between days 15 and 21; 1 mouse developed an extraperitoneal mass and was killed on day 42 (median survival, 19 days). Figure 3B shows a macroscopic view of ascites developed in a mock-treated mouse ( Figure 3B left panel) and in an EGFP-LV-treated animal ( Figure  3B middle panel). At necroscopy, abundant (3-4 mL) clear opalescent fluid was found in the peritoneal cavity; at the liver hilum, a whitish highly friable neoplastic tissue was frequently detected. No lymph node, spleen, liver, or lung involvement was observed. Among the 12 animals receiving the hIFN-␣ 2 b-LV, 4 developed delayed ascites. In 2 of these 4 mice, ascites visually regressed in 10 to 12 days, and 200 to 300 L of ascites was recovered when the animals had to be killed for the presence of an extraperitoneal mass, which consisted of white tissue infiltrating the abdominal and subcutaneous muscles surrounded by enlarged blood vessels. Microscopically, this neoplastic tissue was represented by lymphoma cells contained in a hemorrhagic, thin, and disorganized stroma; small necrotic areas were often evident. One of the mice killed for the presence of a mass is shown in Figure 3B (right panel). Five animals did not develop ascites, but peritoneal washings were obtained when the animals were culled for the presence of a solid neoplastic mass infiltrating the flank's soft tissues. The remaining 3 animals were disease-free throughout the experiment (ie, 90 days after PEL cell injection). Ascitic fluids and peritoneal washings contained lymphoma cells, as determined by microscopic evaluation and analysis of the expression of CD138/ syndecan-1 by flow cytometry (not shown). The tissue found at the liver hilum was similarly composed of lymphoma cells packed into a tenuous fibrillar stroma.
The delivery of human IFN-␣ 2 b significantly increased the survival time (median survival, 51 days) of PEL-engrafted SCID mice by 2.7-fold compared with control EGFP-LV treatment (log-rank test, hIFN-␣ 2 b-LV vs EGFP-LV, P Ͻ .001). Moreover, longer survival was associated with a significant reduction in ascites development (Fisher exact test, P ϭ .005).
PEL cells recovered from the peritoneal washings or ascites were found to release variable amounts of hIFN-␣ 2 b in the supernatant, whereas PEL cells recovered from the masses did not produce measurable amounts of the cytokine. As shown in Figure  3C , CRO-AP/3 cells recovered from 2 peritoneal washings produced 3.56 and 18.7 ng/10 6 cells/mL of hIFN-␣ 2 b and showed an impaired proliferative activity. In contrast, cells recovered from an ascites produced negligible amounts of hIFN-␣ 2 b and proliferated at levels similar to those of the control cell line. These data indicate a direct correlation between expression of the IFN-␣ gene and antiproliferative activity exerted on PEL cells and suggest that the development of a solid tumor in these mice might be related to the extraperitoneal escape of CRO-AP/3 cells, where they were not affected by the therapeutic hIFN-␣ 2 b-LV. Moreover, ex vivo cells recovered from ascites and producing undetectable or very low amounts of hIFN-␣ 2 b were found to maintain the in vitro responsiveness to the proapoptotic activity of IFN-␣ (data not shown), suggesting that ascites development in hIFN-␣ 2 b-LV-treated mice was not linked to the emergence of mechanisms of IFN-␣ resistance in tumor cells.
In vivo mIFN-␣ 1 -LV treatment
To evaluate the potential role of the host peritoneal microenvironment in PEL growth, CRO-AP/3-injected mice were treated with mIFN-␣ 1 -LV with the same protocol used for hIFN-␣ 2 b-LVtreated animals. Kaplan-Meier plots are shown in Figure 4 . As expected, all untreated mice developed ascites and were killed between day 10 and day 24 (median survival, 12.5 days). Similarly, 9 of 10 EGFP-LV-treated mice developed ascites and were culled between days 11 and 24, whereas 1 mouse developed a delayed ascites and was killed on day 49 (median survival, 14 days). All 10 mIFN-␣ 1 -LV-treated mice remained tumor-free until day 31, when 1 developed ascites and was killed at day 34. Subsequently, 4 mice developed ascites, whereas 1 exhibited a very limited ascites with a solid tumor. Three others were killed for the presence of extraperitoneal solid tumors infiltrating the subcutaneous tissue on the flank. One animal remained disease-free throughout the experiment. The median survival time of mIFN-␣ 1 -LV-treated mice was 67 days.
Thus, mIFN-␣ 1 treatment significantly delayed PEL development compared with control treatments, with a 4.8-fold increase in survival time of mIFN-␣ 1 -LV-treated mice (log-rank test, mIFN-␣ 1 -LV vs EGFP-LV, P ϭ .001). Longer survival was associated with a significant reduction in ascites formation (Fisher exact test, P ϭ .016), as only half of the mIFN-␣ 1 -LV-treated mice developed a malignant effusion.
PEL cells recovered from the ascites or peritoneal washings were found to produce measurable amounts of mIFN-␣ 1 (2-8 ng/ 10 6 cells/mL), indicating long-term transgene expression in vivo. Prolonged expression of mIFN-␣ 1 was confirmed by monitoring the expression of Ly-6C, 16 ,17 a marker of IFN activity, by murine peripheral blood cells ( Figure S2) . The significant increase in the survival time of animals treated with IFN-␣-expressing LVs was also evident by assembling all in vivo experiments ( Figure S3) . Comparison of the 2 IFN-␣ treatments showed no significant differences in survival time or ascites accumulation. These results suggest that impairment of host Figure 1 . Proliferation was not impaired in the PEL cell line after mIFN-␣ 1 treatment, whereas both human and murine IFN-␣ induced a dose-dependent species-specific reduction in [ 3 H]-thymidine incorporation. The native murine cytokine exerted an antiproliferative activity on MBL-2 cells similar to that observed with the recombinant one, but its effects were already evidenced 24 hours after treatment. (E) RT-PCR analyses performed on RNA extracted from MBL-2 cells exposed to 100 and 1000 IU/mL native mIFN-␣1 for 72 hours showed the induction of murine interferon regulatory factor 7 (mIRF-7) expression in mIFN-␣1-treated cells but not in mock-treated MBL-2 cells, indicating that the native cytokine retains the ability to activate a classic IFN-inducible transcript. Expression of murine ␤-actin (m␤-act) is shown as control. Lanes: M, 1-kb DNA ladder marker; 1, water control; 2, RNA extracted from mock-treated MBL-2 cells; 3, 4, RNA from MBL-2 cells treated with 100 or 1000 IU/mL native mIFN-␣1; 5, positive control, RNA from MBL-2 cells exposed to 1000 IU/mL recombinant mIFN-␣1.
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Analysis of the mechanisms involved in the antineoplastic activity of mIFN-␣ 1
Cytokines, in particular interleukin 6 (IL-6) and IL-10, and angiogenic factors, such as vascular endothelial growth factor (VEGF), have been shown to play a critical role in the engraftment of PEL-derived cell lines in vivo. 4 Culture supernatants of mIFN-␣ 1 -LV-transduced CRO-AP/3 cells contained similar levels of IL-6, IL-10, and VEGF compared with control cells (Figure 5 ), indicating that mIFN-␣ 1 did not modulate the expression of these factors in PEL cells. Instead, a significant increase in IL-6 and IL-10 release (Student t test, P Ͻ .001) was observed in hIFN-␣ 2 b-LV-transduced cells ( Figure 5A ), indicating that PEL cells may counteract the antiproliferative effect of IFN-␣ through upregulation of these factors. Moreover, VEGF secretion was found to be significantly reduced in hIFN-␣ 2 b-LV-transduced cells (P ϭ .001; Figure 5B) . These findings were confirmed in vivo as VEGF accumulated at similar levels in ascites fluids from control mice and in the ascites from hIFN-␣ 2 b-LV-treated animals, whereas regressed ascites showed a significant reduction in VEGF levels (P Ͻ .05; Figure 5B ). Therefore, VEGF levels directly correlated with the volume of ascites in vivo, indicating that PEL-derived VEGF is required for expansive tumor growth by increasing fluid accumulation. VEGF ( Figure 5B ), IL-6, and IL-10 (not shown) levels in ascitic fluids developed in mIFN-␣ 1 -LVtreated SCID were similar to those found in control mice, further indicating that the murine cytokine did not directly affect secretion of these factors by PEL cells.
We also cultured murine mesothelial cells to study the effects of mIFN-␣ 1 and to reproduce in vitro this aspect of the interaction of PEL cells with the peritoneum. We first isolated mesothelial cells from peritoneal fragments of EGFP-LV-treated SCID mice; 3% to 10% of these cells were EGFP-positive ( Figure 6A ), indicating that tissues surrounding PEL cells were also efficiently targeted by the LVs and expressed the transgene.
Among the IFN-stimulated genes, TRAIL selectively triggers apoptosis in tumor cells but not in most normal cells. 18 To analyze the possible induction of TRAIL in murine cells, primary mesothelial cells were exposed to native mIFN-␣ 1 . As shown in Figure 6B , RT-PCR assays indicated that mIFN-␣ 1 activated the classic IFN-inducible pathways in these cells, as mIFN-␣ 1 -exposed mesothelial cells, but not mock-treated or hIFN-␣ 2 b-exposed cells (not shown), selectively expressed mIRF-7. Moreover, murine TRAIL was found to be expressed in vitro in mIFN-␣ 1 -treated mesothelial cells ( Figure 6B ) and in vivo in peritoneal fragments from mIFN-␣ 1 -LV-treated mice ( Figure 6C ), raising the possibility that the host microenvironment might trigger TRAIL-mediated apoptosis in PEL cells. To test for this hypothesis, primary mesothelial cells were treated with native mIFN-␣ 1 or with mock supernatants and subsequently cocultured with CRO-AP/3 cells, in the presence of a blocking anti-mTRAIL or an isotype-matched control mAb. Apoptosis was found to be significantly increased in CRO-AP/3 cells cocultured with mIFN-␣ 1 -exposed cells (2.1-to 3.5-fold increase vs all other groups; P Յ .05 by Student t test), but not with mock-treated mesothelial cells ( Figure 6D ). CRO-AP/3 cell death induced by mIFN-␣ 1 -exposed mesothelial cells was significantly (Student t test, P Յ .05) inhibited by the blocking anti-mTRAIL mAb, whereas an isotype-matched control mAb did not affect apoptosis induction ( Figure 6D ). Given the cross-species activity of TRAIL, 19 these findings indicate that mesothelial cells activated by IFN-␣ induced apoptosis in CRO-AP/3 cells in a TRAIL-dependent manner. CRO-AP/3 cells exposed to the same amounts of mIFN-␣ 1 or mock supernatants showed comparable lower levels of annexin V-positive cells, as previously observed, further confirming that mIFN-␣ 1 does not act on human cells.
Discussion
The peculiar site of PEL growth implies a specific contribution of body cavities to the pathogenesis of this type of lymphoma. Soon after HHV8-associated PEL discovery, it was shown that HHV8-infected lymphomatous cells have full growth autonomy when injected into the peritoneal cavity of immunodeficient mice. 20 To dissect the role of the host microenvironment in PEL development, we compared the therapeutic activity of hIFN-␣ 2 b with that of a host-specific mIFN-␣ 1 in a xenograft mouse model mimicking the aggressive course of human PEL. We found that lentiviral delivery of hIFN-␣ 2 b exerted a remarkable antineoplastic activity by significantly prolonging mice survival (Figure 3 ) and by reducing ascites formation. Previous reports of the effects of IFN-␣ in the context of PEL showed that retroviral vector-mediated stable gene transfer of human type I consensus IFN (IFN-con1) in BCBL-1 cells abrogates their ability to grow as tumors after subcutaneous or intraperitoneal transplantation into SCID mice. Moreover, constitutive expression of IFN-con1 in BCBL-1 cells inhibited HHV8 lytic replication in vitro. 21 Although these results reflect antitumor and antiviral activities of human IFN-␣, the experimental approach did not test the potential therapeutic effect of IFN-con1 in mice that already harbor PEL tumors. A subsequent study showed that daily intraperitoneal injections of IFN-␣ and azidothymidine significantly prolonged the survival of PEL/SCID mice. 9 We achieved PEL targeting by lentiviral delivery directly at the tumor site with minimal systemic spread of the vector. Indeed, analysis of lentivirus biodistribution after intraperitoneal injection showed that very limited amounts of virus escape the peritoneum (Table S1 ), indicating that transgene expression remained mainly confined to the peritoneal cavity. In patients with AIDS, the confined, intracavitary IFN-␣ expression may be important, not only to avoid adverse effects but also to restrict the systemic IFN-␣-dependent loss of human immunodeficiency virus type 1-uninfected CD4 ϩ T cells, as recently suggested. 22 The pleiotropic activity of IFN-␣ gives the opportunity to dissect the contribution and interplay of different factors involved in PEL growth. In addition to the antiproliferative and proapoptotic activity of hIFN-␣ 2 b on PEL cells that we ( Figure 1 ) and others have documented, 7, 21 this cytokine may modulate other processes involved in PEL pathogenesis. IFN-␣ exerts angiostatic activity by inhibiting VEGF transcription. 23 In the context of PEL, VEGF production by lymphoma cells contributes to lymphoma growth mainly by accelerating vascular permeability, rather than tumor vascularization. Administration of a neutralizing antihuman VEGF antibody to BCBL-1-injected SCID/beige mice was found to inhibit ascites formation. 24 Although all mice were killed on day 30 after cell inoculation, thus precluding long-term evaluation, this finding highlights the pathogenic role of this factor in effusion development. In line with these observations, we found that VEGF secretion was significantly reduced in in vitro hIFN-␣ 2 b-LVtransduced cells and in regressed ascites ( Figure 5 ). This suggests that IFN-␣ may also efficiently work against expansive tumor growth by reducing VEGF-stimulated vascular leakage and fluid accumulation in this PEL model. IL-6 was shown to be important for in vivo PEL cell proliferation, 25 and IL-10 represents one of the most relevant autocrine growth factors for PEL cells. IL-10 is secreted by PEL cell lines at high levels in vitro and throughout tumor progression in a PEL murine model. [25] [26] [27] In our study, IL-6 and IL-10 secretion ( 
S4C
). This suggests that these cells may respond to hIFN-␣ 2 b-induced down-modulation of the ␣ chain (gp80) of the IL-6 receptor (IL-6R␣), as previously shown in PEL-derived BCP-1 cells, 28 by overexpressing a virus-encoded proliferative factor that can act via direct interaction with the gp130 signal-transducing subunit. 29 However, IL-6R␣ was not detected by flow cytometry in CRO-AP/3 cells in either basal or IFN-exposed conditions (data not shown), suggesting that the significance of IL-6 up-regulation in response to hIFN-␣ 2 b in CRO-AP/3 cells may be restricted to indirect effects. 30, 31 We demonstrate here that mIFN-␣ 1 -LV exerted an antineoplastic activity comparable with that achieved with hIFN-␣ 2 b-LV (Figures 3,4) . The murine cytokine did not exert a direct antiproliferative, proapoptotic, and antiviral effect on PEL cells in vitro but retained a speciesrestricted biologic activity (Figures 2, S4) . These results indicate that in vitro and in vivo amounts of mIFN-␣ 1 reached with an MOI of 2 respected the species specificity of IFN receptor-binding activity. Moreover, mIFN-␣ 1 did not affect the secretion of VEGF, IL-6, and IL-10 by CRO-AP/3 cells (Figure 5 ), further suggesting that in vivo mIFN-␣ 1 mainly acted on murine cells surrounding PEL cells. Thus, targeting the intracavitary milieu might have a therapeutic impact similar to that exerted by a therapy against PEL cells. The relevant role of the microenvironment in PEL development is also in line with previous results obtained with matrigel-embedded PEL cells xenografted into SCID mice. 32 The PEL lymphoma microenvironment comprises a dynamic and interactive mixture of cell populations and cytokines. We found no differences in the levels of macrophages and natural killer cells present in lymphomatous effusions from control and mIFN-␣ 1 -treated mice (in "Results" in Document S1), suggesting that these 2 cell populations do not play a major role in affecting PEL cell growth in our experimental setting. On the other hand, PEL cells survive and proliferate within large serous body cavities lined by mesothelia, which may thus contribute both positive and negative signals to lymphoma cells. Ex vivo cultures of murine mesothelial cells showed that they were efficiently transduced and expressed the transgene ( Figure 6A ). We present here preliminary data suggesting that mesothelial cells may play an active role in PEL growth control. Not only do they contribute to transgene expression, they also may potentially exert a direct tumoricidal activity. IFN-␣ was previously shown to induce TRAIL in human epithelial and endothelial cells. 33, 34 Our findings indicate that mesothelial cells too can express TRAIL in response to mIFN-␣ 1 in vitro ( Figure 6B ) and very probably in vivo ( Figure 6C) . Because TRAIL has a cross-species activity, 19 we hypothesized that this mechanism may be involved in the antineoplastic activity of mIFN-␣ 1 . Indeed, mIFN-␣ 1 -treated mesothelial cells significantly triggered apoptosis in PEL cells in a TRAIL-dependent manner, as demonstrated by the inhibitory effect of the blocking anti-TRAIL monoclonal antibody ( Figure 6D ). It is interesting to note that human normal mesothelial cells were found to be TRAIL-resistant via the expression of decoy receptors, 35 thus suggesting that mesothelial cells may contribute to the killing of target tumor cells while being resistant to TRAIL-triggered apoptosis.
In conclusion, the present findings provide evidence that the host microenvironment plays a relevant role in controlling PEL growth, and also indicate that the therapeutic targeting of the local milieu may impair PEL development. Moreover, our data suggest that the interplay between lymphomatous cells and mesothelium may be central to PEL pathogenesis.
